Introduction
The prevalence of diabetes mellitus has increased substantially and in 2015 reached 8.8%, which corresponds to 415 million patients globally. Diabetes is a major cause of morbidity and mortality and is, in economic terms, extremely costly. 1 but a large proportion of patients with diabetes have stated that they are not well informed about the disease. 11 Hence, more effort should be made to provide diabetic patients with effective information. 2) In most observational as well as interventional or health economic studies, comorbidity has to be assessed as a relevant outcome or confounder. Very often, data concerning comorbidities are assessed by asking patients, that is, it is self-reported. Incomplete knowledge about their own comorbidities would result in invalid data.
A number of studies analyzed the agreement between selfreported and routine data-based comorbidities in different patient populations, and found it to differ largely, depending on the comorbidity and patients' characteristics. [12] [13] [14] [15] However, in patients with diabetes, no study has as yet investigated the level of agreement between different data sources reporting diabetes-associated comorbidities.
The aim of our study was 1) to estimate the agreement between patients' self-reported and health insurance data with regard to comorbidity, and 2) to evaluate the factors associated with the level of agreement.
Methods

Study design
We performed an observational study. Comorbidity data were obtained using a written questionnaire and then linked to statutory health insurance (SHI) data in order to examine the agreement between the data sources.
Study population
Patients were recruited in an outpatient clinical center specializing in diabetes treatment. This center treats about 3,500 patients with diabetes in a defined region of Western Germany. We selected all the patients who were members of the pronova health insurance company (pronova BKK), because data from this SHI had been made available for our study. Pronova BKK covers a large proportion of the inhabitants in the study region and about 30% of the patients with diabetes at our clinical study center. Of these patients insured with the pronova BKK, 737 were randomly selected and were contacted by telephone to ask if they would be willing to participate in our study. Five hundred agreed (response 67.8%). Of these 500 patients, two had to be excluded because they were employees of the BKK, and a further 34 because of missing data, resulting in a population of 464 patients for inclusion in the analyses.
Ethical approval for the study was granted by the Ethics Committee, Faculty of Medicine, Heinrich-Heine University Düsseldorf (references 3455 and 3595). All patients have provided written informed consent for participating in this study.
Data sources and variables
Self-report questionnaire
The questionnaire used for the study was developed to conduct trial economic evaluations of interventions for patients with diabetes. 16, 17 First, available health care utilization and comorbidity questionnaires were reviewed and then a new questionnaire more suitable for reflecting the specific aspects of diabetes was elaborated in close cooperation with clinical experts. We conducted interviews with patients from self-help groups and general practitioners in order to evaluate and further improve the questionnaire, using cognitive techniques such as paraphrasing to check whether the questions were consistently understood and could be answered by all the respondents. The instrument has been modified accordingly and published in its final version. 18 The questionnaire asks about the presence of comorbidities, taken from a list of 35, within the previous 12 months ("Has a doctor diagnosed the following condition?"). Of these 35 comorbidities, 14 were defined as closely associated with diabetes: hypertension, peripheral arterial disease, angina pectoris, myocardial infarction (MI), heart failure, impaired cerebral blood flow, stroke, transient ischemic attack (TIA), eye diseases, peripheral neuropathy (lower extremity), foot ulcerations, amputations, kidney disease, and dialysis. The exact question and the 35 comorbidities are presented in the Supplementary material.
The assessment of self-reports was conducted between March 2011 and November 2012. Patients received the printed questionnaire during a routine physician visit and filled it out by themselves. After the patients had filled out the questionnaire, it was checked immediately by a member of the study team, and missing or implausible data were clarified.
Besides comorbidities, the questionnaire assessed a number of sociodemographic variables: age, sex, education (highest school and occupational degree according to Hoffmeyer-Zlotnik and Warner, dichotomized by the cut point ≥5), 19 and income (net wage household income, dichotomized by the cut point >1,250 EUR). 20 Furthermore, the EQ-5D was used to assess health-related quality of life. 21 
Health insurance data
In Germany, SHIs cover the vast majority of health services (ambulatory services, emergency visits, hospitalization, medication, and so on). All health service data are available for every individual insurant, along with exact dates and diagnoses. Every diagnosis is coded according to the International Statistical Classification of Diseases (ICD10).
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Diabetes-related comorbidities in self-reported and administrative data For the present analysis, all SHI data were available from the study population during the 12 months before the assessment of the patients' comorbidities. Diagnoses concerning the comorbidities of interest were selected by one researcher (JH), and checked in full by a second (HA). The number of chronic diseases (later dichotomized using the cut point >5) was determined by the following rule 22 : diabetes plus 35 diseases from the questionnaire were considered as candidates for chronic diseases. A disease was counted as chronic if the corresponding ICD10 code appears at least in three out of four quarters prior to the patient's assessment.
Statistical analyses Description of the study population
The characteristics of the study population were described using means (SD) and proportions as appropriate. Prevalence of diseases from health insurance data and from self-reports were estimated along with 95% CIs.
Agreement between the data sources
We estimated the agreement between self-report and SHI data by using the following probability measures, including 95% CIs: sensitivity (ratio of correctly reported positive SHI data/ all positive SHI), specificity (ratio of correctly reported negative SHI data/all negative SHI data), positive predictive value (PPV) (ratio of positive SHI data/all positives reported by the questionnaire), negative predictive value (NPV) (ratio negative SHI data/all negatives reported by the questionnaire), and total agreement (ratio of correctly reported positive or negative SHI data/total reports or SHI data).
The chance-corrected agreement between self-reported questionnaire data and SHI data was estimated by kappa coefficients. 23 The ranges of kappa values were interpreted as follows 24 : ≤0.40 poor-to-fair agreement, 0.41-0.60 moderate agreement, 0.61-0.80 substantial agreement, and 0.81-1.00 excellent agreement.
A stratified analysis of sensitivity, specificity, and total agreement was conducted for each condition according to age (continuous), sex, education level (according to the Hoffmeyer-Zlotnik/Warner Matrix), 25 income, general health (assessed by the visual analog scale of the EQ-5D), 21 diabetes duration (≥10 versus <10 years, extracted from the practice documentation), and number of chronic comorbidities derived by SHI data. Differences across strata were examined by univariate logistic regression (described below). Amputation and dialysis were excluded from stratified analyses because of low prevalence and small differences between insurance data and self-reports.
Logistic regression
Logistic regression models were fitted to estimate associations between the above-mentioned patient characteristics and total agreement between diagnoses from health insurance and self-reports for each disease, with the exception of amputations and dialyses. First, unadjusted odds ratios (95% CIs) were estimated from univariate models. Additionally, odds ratios were adjusted by fitting multivariate models, including age (≥65 years), sex, education level (≥5), income (>1,250 EUR), general health (assessed by the visual analog scale of the EQ-5D, >75 versus ≤75), diabetes duration (≥10 versus <10 years), and number of chronic comorbidities (>5) simultaneously.
All analyses were performed using the Statistical Analysis Systems SAS (SAS for Windows running on the X64_8PRO platform, Release 9.4 TS1M3 and TS1M4; SAS Institute Inc., Cary, NC, USA). A two-sided alpha level of 0.05 was considered statistically significant.
Results
Population
The characteristics of the cohort are described in Table 1 . The mean age was about 60 years, and 61% were male. Higher 
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Hoffmann et al and lower socioeconomic positions were almost equally distributed. The mean diabetes duration was 13.5 years, and about three quarters had type 2 diabetes. More than 40% had more than five comorbidities besides their diabetes. Table 2 presents numbers and prevalence of the assessed comorbidities. Compared with the individuals who did not participate in the study (from the random sample of 737 pronova BKK patients), the percentage of men was slightly, but not significantly, higher in the responders. The age distribution using 5-year grouping was similar in responders and nonresponders (data not shown).
Agreement
The agreement measures of the different comorbidities are presented in Table 3 . High specificities above 97% were in the majority; exceptions (<97%) were cardiac insufficiency (94.5%), eye diseases (93.8%), peripheral arterial disease (92.6%), hypertension (90.9%), and peripheral neuropathy (85.8%). Sensitivities were below 60% for 10 comorbidities, above 60%, only amputation (100%), hypertension (83.1%), and MI (67.2%) were above 60%. Depending on prevalence (Table 1) , specificities and sensitivities can be transformed into estimates of PPVs and NPVs (Table 2) . Only a few PPVs were above 90% (hypertension, MI, and eye disease). On the other hand, six PPVs were below 70%. Six NPVs >90% were observed; only two were below 70% (hypertension and eye diseases). Total agreement was estimated between 42,7% (eye diseases) and about 100 % (dialysis and amputation). However, these results also depend on the prevalence. For instance, total agreement was 96.8% for TIA, but a kappa male sex, having more than five chronic comorbidities, and long diabetes duration (≥10 years) were associated with a lower agreement in several comorbidities (exception: higher agreement for heart failure after longer diabetes duration), and higher education and a better quality of life with higher agreement. Additionally, stratified sensitivities and specificities are shown in Table 3 . After adjustment in multivariate analyses, only a few significant associations remained. Most associations were seen as having more than five chronic comorbidities. This was associated with a lower agreement for peripheral vascular disease, angina pectoris, MI, heart failure, TIA, and foot ulceration. Further, higher age was associated with lower agreement for impaired cerebral blood flow and kidney disease, male sex with lower agreement for heart failure, and higher education with a higher agreement for angina pectoris.
Discussion
Main findings and possible explanations
To the best of our knowledge, this is the first study dealing with analysis agreement between self-reported diabetesrelated comorbidities and health insurance data. We found that the agreement was high for some diabetes-related comorbidities such as MI, amputation, and hypertension; it was moderate for the comorbidities angina pectoris, stroke, peripheral neuropathy in the lower extremities, and kidney disease, and quite low for other comorbidities such as eye diseases and foot ulceration. A higher number of chronic comorbidities, long diabetes duration, and higher age were associated with lower agreement, and higher education with higher agreement. The exceptional higher agreement for heart failure with longer diabetes duration results at least partly from combined confounding of the other factors, in particular chronic comorbidities.
High agreement was found in cases of MI, amputations, and hypertension. MI and amputations are incisive events in life, whereas patients suffering from hypertension have to cope daily with the disease because of the often-permanent need for medication. All three comorbidities have a clear, specific designation and are well known to the general public, so that differing interpretations of the questions by the study participants are not likely. This observation was found in a number of studies that analyzed agreement between selfreported and routine care data. 13 There was a moderate degree of agreement for the comorbidities angina pectoris, stroke, peripheral neuropathy, and kidney disease. The conditions are normally manifested by a gradual process, revealing at first only little or no impairment or symptoms in everyday life. It is possible that the less specifically named diagnosis and the fact that the clinical criteria are less known to the general public might lead the study participants to assume that they are not suffering from one of these comorbidities, although this is not shown in the health insurance data, which would explain the low sensitivities for angina pectoris, neuropathy, and kidney disease.
The low sensitivity found for an apoplexy could be because of the fact that the stroke occurred over 12 months 
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Diabetes-related comorbidities in self-reported and administrative data before (the period in question), but that the occurrence was still to be found in the health insurance data. 26 The possibility of ambiguous interpretation, unknown clinical criteria, and an asymptomatic progression of the disease, which often shows itself later, may all have contributed to the numerous disagreeing data for the comorbidity of heart failure.
With regard to eye diseases, there was low agreement between the self-reported data and the data from the SHIs. Patients with diabetes are recommended to have their eyes examined regularly. 27 It may be assumed that the eye specialist will make a series of diagnoses that seem to be less illnessrelevant for the patient and remain therefore unmentioned by him or her.
The agreement between the self-reported data on foot ulcerations (badly healing ulcers, infections, or wounds on the feet) and the data from the SHIs can be described only as "satisfactory". Here it is difficult to find a suitable explanation. It is difficult to describe diabetic foot ulceration for the patients, and, in particular, there is no specific ICD code.
The lowest agreement (corresponding to kappa) between the self-reported data and that from the SHIs was found for impaired cerebral blood flow, TIAs, and eye diseases. Here only a few of the self-reported data could be confirmed by the secondary data and vice versa. The study participants were probably unfamiliar with the definition of a TIA, and diagnoses of TIAs received the ICD code for apoplexy in the secondary data. However, the case numbers were low (n=7).
Regarding factors that may affect agreement, a higher number of comorbidities was particularly associated with lower agreement. Further, a higher age and male sex were associated with lower agreement, whereas agreement was higher in more highly educated patients. A lower agreement with higher age and a higher number of comorbidities has been found in several other studies. [13] [14] [15] [28] [29] [30] [31] [32] Limitations and strengths
Limitations
Several limitations have to be considered: 1) This study is based on data collected from patients from a single practice specializing in diabetes, and from one single SHI. Patients from specialized practices are more likely to have an unfavorable progression of their illness, which requires specialized treatment. For this reason the results cannot be applied to the whole diabetic population. 2) As is common to other studies, the health insurance data regarding the diagnosis of an individual participant are defined as "closer to the truth" when compared with the self-reported data provided by the same participant. Thus, the individual data concerning sensitivity, specificity, NPVs, and PPVs of a comorbidity were calculated according to the health insurance data. However, the health insurance data are also susceptible to errors, not least because the financial compensation for the physicians depends greatly on the diagnoses billed. 3) Another of this study's limitations is the lack of a standardized translation of the self-reported data into ICD codes. However, the translation of the comorbidities into ICD codes was checked according to the dual-control principle with the assistance of a physician who was familiar with the method. However, a certain amount of subjectivity could not be ruled out. For some of the comorbidities, for example impaired cerebral blood flow, it remains questionable as to how far they can be translated into ICD codes corresponding to those used by physicians. 4) Some events like amputation or MI may have occurred >12 months before and yet still be documented in the SHI data. In this case, the patient's self-report would be correct. This could explain the low sensitivity for MI in our data. 5) In some comorbidities, only a few cases were observed, which implies imprecise estimates and low power in regression analyses (in particular for TIA, amputations, and dialysis). In these cases descriptive results should be in the primary focus, and estimates from multiple regression (Table 5) should be interpreted with great caution. 6) Finally, we restricted the regression analyses to one outcome to obtain a manageable number of results. We chose "agreement" because a main focus was to investigate the use of self-reports for epidemiologic studies. Furthermore, "agreement" was often used in other publications.
12,13
Strengths 1) When making the self-report in the questionnaire, the study participant was always able to call on one of the study assistants for help, if necessary. This means that a positive influence on the correctness and completeness of the statements made by a study participant can be expected. 2) In contrast to other studies, patients who had not reported comorbidities were also included in the analysis, reducing bias from underreporting. 3) Finally, the SHI data were subjected to detailed plausibility and completeness checks. Altogether, high data quality can be assumed.
Implications of the study findings and conclusions
Our study has important implications. First, patients' awareness of their own diabetes-related comorbidities, which is urgently needed for effective self-management, seems to be limited. Patients with diabetes have a substantial need for information, but a large proportion of patients with diabetes have stated that they are not well informed about the disease. 10 
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Hoffmann et al more effort should be made to provide diabetic patients with effective information. Second, when we use self-reported data to adjust for comorbidity in observational studies, we have to take into consideration that the validity of the data is limited.
